ABSTRACT Myogenic satellite cells are critical for posthatch muscle growth, and their activity is sensitive to nutritional regime during the immediate posthatch period. The objective of the current study was to determine if the response of satellite cells to nutrient restriction was dependent on bird age and/or growth rate. Satellite cells were isolated from the pectoralis major (p. major) muscle of 1-d, 7-wk, and 16-wk-old turkeys selected for increased body weight at 16 wk of age (F line) and the randombred control (RBC2) line from which the F line was selected. Nutrient restriction of 0, 5, 10, 20, and 40% of the standard cell culture medium was applied during proliferation with subsequent normal differentiation medium (RN) or during differentiation with preceding normal proliferation medium (NR). Satellite cell proliferation and differentiation decreased with nutrient restriction for all treatment regimens and ages, except for 1-d cell differentiation with the RN treatment, which increased with nutrient restriction. Interestingly, after 24 h of a 5% nutrient restriction during the RN treatment, proliferation increased for 1-d and 7-wk cells. Additionally, after 24 h of 5, 10, and 20% nutrient restriction during the NR treatment, differentiation increased for 1-d and 7-wk cells. The 16-wk cells did not exhibit this response to any treatment regimen. Growth rate had little effect on satellite cell response to nutrient restriction. In this study, satellite cells differentially responded to nutrient restriction depending on age, as well as duration and timing of the nutrient restriction. These data suggest that it is necessary to optimize diets throughout a bird's life to maximize satellite cell activity and p. major muscle growth.
INTRODUCTION
The immediate posthatch period is a critical time for the appropriate cellular development of the pectoralis major (p. major) muscle. The adult myoblast, satellite cell, population of cells is especially critical for posthatch p. major muscle development and growth. Satellite cells are partially differentiated stem cells that can follow different cellular developmental pathways based on extrinsic stimuli including temperature and nutrition. Powell et al. (2013) reported the conversion of broiler satellite cells to an adipogenic lineage with altered nutrition in vitro. In vivo feed restrictions have been shown to impact satellite cell proliferation, differentiation, and the expression of adipogenic genes (Velleman et al., 2010b (Velleman et al., , 2014a .
Feed restriction or deprivation occurs during the normal operations of industry practice. In commercial hatcheries after hatch, the birds are processed and then transported which may result in a delay in receiving feed and water for up to 48 h. In addition, birds do not C 2018 Poultry Science Association Inc. Received August 7, 2018. Accepted October 24, 2018. 1 Corresponding author: Velleman.1@osu.edu hatch uniformly and hatching occurs over a 24 to 48 h period of time with the hatchlings being maintained in the incubator. During this time, the birds absorb nutrients from the yolk sac (Noy and Sklan, 1999) . Additionally, feed restrictions are frequently recommended during the first 2-wk posthatch to reduce the incidence and severity of metabolic disorders like ascites (Arce et al., 1992) and skeletal issues like tibial dyschondroplasia (Lilburn et al., 1989; Su et al., 1999) .
Feed restrictions usually do not result in body weight or p. major muscle weight differences at the time of processing due to compensatory growth. However, the morphological structure of the p. major muscle is affected especially with feed restrictions during the first week posthatch (Velleman et al., 2014a) . Pectoralis major muscles from chicks feed restricted the first week posthatch have increased muscle fiber necrosis and adipose deposition, and altered expression of the myogenic transcriptional regulatory factors controlling muscle cell proliferation and differentiation. In chicks that were feed restricted for 24 h immediately following hatch, myofiber diameters were reduced at 40 d compared to those with immediate access to feed (Powell et al., 2016) . Furthermore, Halevy et al. (2000) found the closer a period of feed deprivation was to hatch, the lower the ability of the chick to recover p. major muscle weight by compensatory growth. Feed deprivations at 4 to 6 d following hatch resulted in complete recovery of p. major muscle weight at 41 d, while earlier 2 d feed deprivations resulted in reduced p. major muscle weight at 41 d.
Muscle mass accretion of the p. major muscle is one primary characteristic by which both turkeys and broilers are selected for in commercial settings as the p. major muscle is the most economically valuable muscle in the bird (Haley, 2001; Davis et al., 2013) . Pectoralis major muscle growth, during embryonic development, is achieved by myoblast fusion into multinucleated myotubes forming myofibers. At hatch, the formation of myofibers is complete (Smith, 1963) and myoblasts withdraw from the cell cycle (Stockdale and Holtzer, 1961) . All subsequent posthatch muscle growth through hypertrophy is mediated exclusively by the satellite cell (Moss and LeBlond, 1971) . Satellite cell activity peaks during the first week posthatch and declines with the age of the bird (Velleman et al., 2010b; Harthan et al., 2013) .
In vitro studies with clonal-derived broiler satellite cells demonstrated that both proliferation and differentiation were lower with decreased nutrient availability (Powell et al., 2013) . Similar to the in vitro findings of Powell et al. (2013) , poults and chicks feed restricted immediately after hatch had reduced proliferation of satellite cells (Mozdziak et al., 2002b; Halevy et al., 2003; Moore et al., 2005a,b) . How the combination of growth selection and age affect the response of satellite cells to changes in nutritional regimen is largely unknown. Harthan et al. (2014) reported that non-growth selected 1-d, 7-wk, and 16-wk-old turkey satellite cells responded to nutritional status in an age-dependent manner during proliferation and differentiation.
Taken together, these data highlight the importance of defining optimal nutrition to maximize satellite cell proliferation and differentiation to maximize muscle mass accretion with age, but do not take into account the possible effects of growth selection on nutritional requirements. Thus, the objective of this study was to determine the effect of nutritional availability on the proliferation and differentiation of satellite cells, and if there was an interaction of both growth selection and age on these processes. Results from the current study will provide new information on the effect of nutrition, growth selection, and age on the proliferation and differentiation of turkey p. major muscle satellite cells. These findings will provide the initial data needed to generate diet formulations taking into account bird age and growth to maximize satellite cell activity, and maintain or improve breast meat quality.
MATERIALS AND METHODS

Turkey Myogenic Satellite Cells
Satellite cells were isolated from the p. major muscle of 1-d, 7-wk, and 16-wk posthatch male randombred control 2 (RBC2) line and F line turkeys as described in Velleman et al. (2000) . Isolated cells were expanded and stored in liquid nitrogen until experimental use. The RBC2 line is representative of 1967 commercial turkeys and has been maintained at The Ohio State University, Ohio Agricultural Research and Development Center Poultry Research Unit (Wooster, OH) without conscious selection for any traits. The F line turkeys were derived from the RBC2 line by selecting for only increased 16-wk body weight (Nestor, 1977) and has been continually selected based upon this single trait for over 40 generations. Thus, gene expression and growth differences are only due to selection for 16-wk body weight and not genetic background differences. The F line turkeys have a significantly larger body weight and p. major muscle weight at 16 wk of age than the RBC2 line (Lilburn and Nestor, 1991) . To avoid the effect of sex, only male satellite cells were used in the current study (Velleman et al., 2000; Song et al., 2013) .
Proliferation Assay
Satellite cells were plated in 24-well cell culture plates (Greiner Bio-One, Monroe, NC) coated with 0.1% gelatin (Sigma-Aldrich, St. Louis, MO). Cells were plated in medium composed of Dulbecco's Modified Eagle's Medium (DMEM; Sigma-Aldrich) with 10% chicken serum (Sigma-Aldrich), 5% horse serum (Sigma-Aldrich), 1% antibiotic antimycotic solution (Sigma-Aldrich), and 0.1% gentamicin (Omega Scientific, Tarzana, CA), and cultured at 38
• C in a 5% CO 2 incubator (Thermo Fisher Scientific, Pittsburgh, PA). After allowing 24 h for cell attachment, the plating medium was replaced with nutrient restricted growth media (0, 5, 10, 20, 40% restricted) , which was replaced every 24 h. The control, 0% restricted, growth medium was composed of McCoy's 5A medium (Sigma-Aldrich) with 10% chicken serum, 5% horse serum, 1% antibiotic antimycotic solution, and 0.1% gentamicin. For the nutrient restricted growth media, the McCoy's 5A medium and the serum were replaced with Dulbecco's phosphate-buffered saline with calcium and magnesium (DPBS; Thermo Fisher Scientific) by 5, 10, 20, or 40% of their concentration in the control medium.
Satellite cell proliferation was determined by measuring DNA concentration per well using Hoechst 33258 fluorochrome as previously described (McFarland et al., 1995) . Plates were collected at 0, 24, 48, and 72 h of proliferation. After removing the media, cells were rinsed with PBS and stored at -70
• C until analysis. After thawing the plates at room temperature, 0.05% trypsin-EDTA (Invitrogen) in a solution of 10 mM Tris, 2 M NaCl, and 1 mM EDTA (TNE) was added to each well and incubated for 7 min, and then the plates were returned to -70
• C overnight. After thawing the plates at room temperature, TNE buffer containing 0.2% (1 mg/mL) Hoechst dye (Sigma-Aldrich) was added to each well, and the plates gently agitated for 1 to 2 h. DNA-incorporated Hoechst dye was measured using a Fluoroskan Ascent FL plate reader (ThermoElectron Co., Waltham, MA). A standard curve with double-stranded calf thymus DNA (Sigma-Aldrich) was used to determine sample DNA concentration. Three to 4 independent experiments were performed at each age with 4 replicate wells per nutrient restricted condition.
Differentiation Assay
Satellite cells were plated in 48-well cell culture plates (Greiner Bio-One, Monroe, NC) coated with 0.1% gelatin (Sigma-Aldrich). Cells were plated and allowed to attach for 24 h as described above. For nutrient restriction during proliferation and normal culture conditions during differentiation (RN; Restriction during proliferation and Normal during differentiation), the plating medium was replaced with nutrient restricted growth media (0, 5, 10, 20, 40% restricted), which was replaced every 24 h. The baseline, 0% restricted, growth medium was composed of McCoy's 5A medium with 10% chicken serum, 5% horse serum, 1% antibiotic antimycotic solution, and 0.1% gentamicin. For nutrient restricted growth media, the McCoy's 5A medium and the serum were replaced with DPBS by 5, 10, 20, or 40% of their concentration in the standard medium. After 72 h of proliferation, differentiation was induced by changing the growth medium to a standard, low-serum differentiation medium, consisting of DMEM with 3% horse serum, 1% antibiotic antimycotic solution, 0.1% gentamicin, 0.1% porcine gelatin (SigmaAldrich), 1.0 mg/mL bovine serum albumin (SigmaAldrich), and was replaced every 24 for 72 h. The RN condition was used to determine if satellite cells could recover from nutrient restriction during proliferation. For nutrient restriction during differentiation but standard culture conditions during proliferation (NR; Normal media during proliferation and Restriction during differentiation), the plating medium was replaced with unrestricted growth medium, which was replaced every 24 h. After 72 h of proliferation, differentiation was induced by changing to nutrient restricted, differentiation media (0, 5, 10, 20, 40% restricted), which was replaced every 24 h for 72 h. Given that the standard differentiation medium was optimized for differentiation induction with low serum, nutrient restriction during differentiation was obtained by replacing DMEM with DPBS by 5, 10, 20, or 40% of the concentration in the standard medium. The NR treatment provided information regarding the effect of nutrient availability on differentiation alone when the satellite cells proliferated under standard conditions. Satellite cell differentiation was measured by the amount of creatine kinase activity per well using a modified method of Yun et al. (1997) . Plates were collected at 0, 24, 48, and 72 h of differentiation. After removing the media, cells were rinsed with PBS and stored at -70
• C until analysis. After thawing plates at room temperature, 0.5 mL of creatine kinase assay buffer [20 mM glucose (Thermo Fisher Scientific), 10 mM Mg acetate (Thermo Fisher Scientific), 1.0 mM adenosine diphosphate (Sigma-Aldrich), 10 mM adenosine monophosphate (Sigma-Aldrich), 20 mM phosphocreatine (Calbiochem, San Diego, CA), 0.5 U/mL hexokinase (Worthington Biochemical, Lakewood, NJ), 1 U/mL glucose-6-phosphate dehydrogenase (Worthington Biochemical), 10 mM dithiothreitol (Thermo Fisher Scientific), 0.4 mM thio-nicotinamide adenine dinucleotide (Oriental Yeast Co., Tokyo, Japan), and 1 mg/mL BSA (Sigma-Aldrich) in 0.1 M glycylglycine (VWR, Radnor, PA) at pH 7.5] was added to the wells. The optical density at 405 nm was measured with a BioTek ELx800 plate reader (BioTek, Winooski, VT) 10 min after adding assay buffer. A standard curve with creatine phosphokinase (Sigma-Aldrich) was used to determine sample creatine kinase activity.
To account for possible differences in DNA concentration between treatment conditions, creatine kinase activity per well was normalized by the average DNA concentration per well. Plates for creatine kinase activity and DNA concentration were cultured in parallel. DNA concentration per well was measured by the Hoechst fluorochrome method as described above for proliferation. Creatine kinase activity per DNA concentration was calculated by dividing the creatine kinase activity for each well by the average DNA concentration of the plate from the corresponding sampling time and treatment condition. Three to 4 independent experiments were performed at each age with both the F and RBC2 line satellite cells with 4 replicate wells per nutrient restricted condition.
Microscopy
Cell morphology was imaged at 48 h of differentiation for all experiments using an Olympus IX70 fluorescence microscope (Olympus America, Center Valley, PA) and a QImaging digital camera (QImaging, Burnaby, BC, Canada). Two images per treatment condition per experiment were recorded with CellSens imaging software (Olympus America).
Statistical Analysis
Data from all experiments were analyzed individually, and data from a single experiment were selected as representative of all experiments. Statistical analysis was performed using the MIXED procedure of SAS Version 9.3 (SAS Institute Inc., Cary, NC). The model included the main effects of cell line and percent nutrient restriction as well as their interaction. Means and standard error of the mean were determined with the least square means (lsmeans) statement and the pdiff option used to separate interaction means. A P value of 0.05 or less was considered to be statistically significant, and a P value greater than 0.05 and less than 0.10 was considered a trend. 
RESULTS
Effect of Nutrient Restriction on the Proliferation of Satellite Cells of Different Ages and Growth Rates
Nutrient restriction had a significant main effect on the proliferation of 1-d, 7-wk, 16-wk p. major satellite cells at all sampling times (P ≤ 0.03; Figure 1) . At 72 h, proliferation decreased with increasing nutrient restriction for the 1-d, 7-wk, and 16-wk cells. At 24 and 48 h of proliferation, the 1-d, 7-wk, and 16-wk cells also exhibited a similar pattern to that at 72 h. However, the 1-d and 7-wk cells had increased proliferation for some of the lower percentage nutrient restricted conditions. Specifically, the 1-d cells had increased proliferation with a 5% restriction compared to the 0% restriction at 24 h (P = 0.005; Figure 1A) , and the 7-wk cells had increased proliferation with a 5 and 10% restriction compared to the 0% restriction at 24 h (P ≤ 0.001) as well as with a 5% restriction at 48 h (P = 0.009; Figure 1B ). The 16-wk cells did not have any percentage of nutrient restriction significantly greater than the 0% restriction ( Figure 1C) .
The effect of nutrient restriction varied at distinct sampling times depending on the cell line, RBC2, or F line (Figure 2) . At 72 h of proliferation, the 1-d and 7-wk cells had a significant interaction between cell line and nutrient restriction (P ≤ 0.05), while the 16-wk cells did not. For 1-d cells, the F line had a greater decrease in proliferation from the 0% restriction compared to the 20 and 40% restriction (P < 0.0001) than the decrease in proliferation of the RBC2 line cells for the 20% (P = 0.08) and 40% restriction (P = 0.005; Figure 2A ). The 7-wk cells showed the opposite trend, where the F line exhibited no significant difference in proliferation from the 0 to 20% restriction and the RBC2 line exhibited a decrease in proliferation from the 0 to 20% restriction (P < 0.0001). At 48 h, only the 7-wk cells had a significant line-nutrient restriction interaction (P = 0.0009). The RBC2 line cells had increased proliferation with the 5% restriction compared to the 0% restriction (P = 0.001) and a decrease in proliferation with the 20 and 40% restrictions (P ≤ 0.005), whereas the 7-wk F line cells had no percentage of nutrient restriction significantly different from the 0% restriction ( Figure 2B) . At 24 h, only the 16-wk cells had a significant interaction (P = 0.0008). The RBC2 line cells showed an increase in proliferation with the 5% restriction compared to the 0% restriction (P = 0.01), whereas the F line cells exhibited a decrease in proliferation with the 5% restriction (P = 0.02; Figure 2C ).
Effect of Nutrient Restriction During Proliferation on the Differentiation of Satellite Cells of Different Ages and Growth Rates
The RN nutrient restriction during proliferation and subsequent normal media during differentiation had a significant main effect on the differentiation of 1-d, 7-wk, and 16-wk p. major satellite cells at all sampling times (P ≤ 0.03; Figure 3) . At 72 h of differentiation, the 7-and 16-wk cells had lower differentiation for the 5, 10, 20, and 40% restriction compared to the 0% restriction (P ≤ 0.004; Figure 3B , C). Interestingly, the 1-d cells had the opposite effect at 72 h, exhibiting greater differentiation for the 10, 20, and 40% restriction than the 0% restriction (P ≤ 0.003; Figure 3A) . At 24 and 48 h of differentiation, the 7-and 16-wk cells had decreased differentiation with increased percentage of nutrient restriction ( Figure 3B and C) . In contrast, the 1-d cells at 24 and 48 h of differentiation had no significant differences from the 0% restriction, except for lower differentiation with the 40% restriction at 24 h (P = 0.0006; Figure 3A) .
Differentiation was affected by the RN treatment regimen at different sampling times depending on the cell line (Figure 4 ). For the 1-d cells, differentiation reached a maximum level at 72 h for the RBC2 line cells with the 40% restriction during proliferation whereas the F line cells peaked with the 20% restriction ( Figure 4A) . At 48 h, the 1-d F line cells had no significant differences with nutrient restriction. In contrast, the 1-d RBC2 line cells exhibited a decrease with the 40% nutrient restriction during proliferation (P ≤ 0.006). For the 7-wk cells at 24 h of differentiation, the 5% nutrient restriction led to an increase in the differentiation in the F line cells (P = 0.02) but to a decrease in the differentiation of the RBC2 line cells (P = 0.03; Figure 4B ). For the 16-wk cells at 24 and 48 h, differentiation decreased to a greater extent from the 0% restriction to the 20 and 40% restriction for the F line cells (P ≤ 0.008) than for the RBC2 line cells (P ≤ 0.34; Figure 4C ). The cell morphology at 48 h of differentiation during the RN treatment regimen is shown in Supplemental Figure  S1 . Nutrient restriction of 20% showed fewer large myotubes than 0% restriction for the 7-and 16-wk cells, but showed no observable difference for the 1-d cells. The 20% nutrient restriction appeared to reduce the number of observable cells at 1 d, 7 wk, and 16 wk.
Effect of Nutrient Restriction During Differentiation on the Differentiation of Satellite Cells of Different Ages and Growth Rates
The NR nutrient restriction had a significant main effect on the differentiation of 1-d, 7-wk, and 16-wk p. major satellite cells (P ≤ 0.01; Figure 5 ). The 1-d, 7-wk, and 16-wk cells exhibited an overall pattern of decreased differentiation with increased nutrient restriction at the later sampling times, but for the earlier times, some nutrient restriction conditions showed increased differentiation. For the 1-d cells, the 5, 10, and 20% restriction led to a greater differentiation than the 0% restriction at 24 h (P < 0.0001; Figure 5A ). However, by 48 h, the 1-d cells showed a less differentiation for all restriction percentages compared to the 0% restriction (P ≤ 0.0003). For the 7-wk cells, the 5, 10, and 20% restriction led to a greater differentiation than the 0% restriction at 24 and 48 h (P ≤ 0.01; Figure 5B) . By 72 h, the increase in differentiation in the 7-wk cells was no longer observed. The 16-wk cells at the 10% restriction had a greater differentiation than the 0% restriction at 24 and 48 h (P ≤ 0.04; Figure 5C ). By 72 h, the increase in differentiation was no longer significant in the 16-wk cells.
The NR treatment regimen affected the differentiation of the cell lines differentially at distinct sampling times (Figure 6 ). For the 1-d cells at 72 h of differentiation, the RBC2 line cells had less differentiation for the 5, 10, 20, and 40% restriction compared to the 0% restriction (P ≤ 0.008), whereas the F line cells had no differences except for an increase with the 20% restriction compared to the 0% restriction (P ≤ 0.02; Figure 6A ). For the 7-wk cells at 72 h, both of the cell lines had a decrease with the 20 and 40% restriction compared to the 0% restriction (P ≤ 0.05), but the F line had a decrease in differentiation for the 5 and 10% restriction (P ≤ 0.001) while the RBC2 line did not ( Figure 6B) . At 48 h, the differentiation of the 7-wk cells was greater for the 5 and 20% restriction compared to the 0% for the RBC2 line cells (P ≤ 0.005), whereas the F line cells had no significant differences. The 16-wk cells did not show any significant interaction at 24, 48, or 72 h ( Figure 6C ). The cell morphology at 48 h of differentiation during the RN treatment regimen is shown in Figure 5 . Differentiation of satellite cells isolated from pectoralis major muscle of (A) 1-d, (B) 7-wk, and (C) 16-wk-old turkeys and cultured in unrestricted media during proliferation and in media restricted by 0, 5, 10, 20, or 40% during differentiation. Data from F and RBC2 line cells were combined for the analysis. Bars represent the main effect of nutrient restriction. Bars without a common letter are statistically significant by P ≤ 0.05. Error bars indicate standard error of the mean.
Supplemental Figure S2 . A nutrient restriction of 20% reduced the observable number of large myotubes in the 1-d, 7-wk, and 16-wk cells. The magnitude of this effect appeared to decrease with increased age.
DISCUSSION
The immediate posthatch period during the first week after hatch has been identified in chicks and poults as the most important time for overall muscle growth, morphological structure of the p. major muscle, and satellite cell mitotic activity (Halevy et al., 2000 (Halevy et al., , 2003 Mozdziak et al., 2002a,b; Pophal et al., 2003; Velleman and Mozdziak, 2005; Moore et al., 2005a,b; Velleman et al., 2010a Velleman et al., ,b, 2014a . During the first week posthatch, Moore et al. (2005b) showed in full-fed poults that the greatest level of satellite cell activity was at 3 d of age, whereas poults feed deprived for 3 d had their highest level of mitotic activity at 6 d of age. Additionally, poults deprived of feed the first 3 d following hatch had decreased BW and p. major muscle weight at 10 d compared to full-fed poults. In support of the findings of Halevy et al. (2003) , Moore et al. (2005b) reported that satellite cells isolated from feed-deprived poults, compared to cells isolated from full-fed poults, had decreased proliferation that peaked 2 d later than the cells from full-fed poults.
Satellite cells isolated from the p. major muscle of turkeys exhibit decreased proliferation and differentiation associated with increasing age (Velleman et al., 2010b; Harthan et al., 2013) . Additionally, satellite cells have been shown to be responsive to nutritional regimen during their peak of mitotic activity immediately after hatch (Halevy et al., 2000; Mozdziak et al., 2002b; Kornasio et al., 2011) . Harthan et al. (2014) compared nutrient responsiveness in RBC2 line turkey satellite cells isolated from 1-d, 7-wk, and 16-wk-old birds. Nutritional regimen had the greatest effect on the 1-d cells compared to the 7-and 16-wk-old satellite cells during proliferation and differentiation. The 16-wk-old satellite cells were the least responsive to a nutrient restriction during proliferation.
Although satellite cell activity changes with age and is sensitive to immediate posthatch nutrition, the effects of both nutrition and growth selection on satellite cell proliferation and differentiation at different developmental ages are not well understood. The focus of the current study was to determine the effects of nutrition with growth selection and age on satellite cell proliferation and differentiation.
The results from the current study showed that nutrient restriction during proliferation decreased proliferation of satellite cells isolated from 1-d-old poults, 7-and 16-wk-old turkeys. These findings are consistent with prior studies examining nutrient restriction in immediate posthatch poults and chicks (Mozdziak et al., 2002b; Halevy et al., 2003; Moore et al., 2005a,b) . However, of particular interest, the results from this study are suggestive of a potential benefit of a limited use of a lowlevel feed restriction when satellite cells are primarily proliferating to increase satellite cell proliferation and thus the available pool of satellite cells. As reported by Shefer et al. (2006) , satellite cell pool size will affect muscle growth and regeneration. A larger pool of satellite cells has the potential to increase posthatch muscle mass accretion and thus increase breast muscle yield at processing. In the current study, proliferation was increased in 1-d satellite cells at 24 h with a 5% nutrient restriction and increased in 7-wk cells at 24 h with a 5 and 10% nutrient restriction as well as at 48 h with a 5% nutrient restriction. In contrast, satellite cells from 16-wk-old turkeys did not exhibit an increase in proliferation at any level of nutrient restriction. The lack of a positive response to increase proliferation with nutrition by the 16-wk-old satellite cells may be due to the fact that, with age, satellite cells decline in their ability to proliferate and differentiate (Velleman et al., 2010b; Harthan et al., 2013) . The age-dependent behavior of the satellite cells to nutrition supports the hypothesis of Moore et al. (2005a) that the nutritional influence on satellite cells the first few days after hatch requires formulating posthatch diets designed to maximize their activity and not the use of just one starter diet.
In the present study, satellite cell differentiation, similar to proliferation, was differentially affected by nutrition with age. These age-specific differences in differentiation were dependent on the timing of the nutrient restriction. Interestingly, nutrient restriction during proliferation led to an increase in differentiation of 1-d satellite cells at 72 h of differentiation with nutrient restrictions up to 40%. In contrast, nutrient restrictions during differentiation did not elevate 1-d satellite cell differentiation at 72 h compared to the unrestricted control. For the 7-and 16-wk old satellite cells, differentiation at 72 h decreased with nutrient restriction during proliferation as well as during differentiation. Compared to 1-d and 7-wk satellite cells, the 16-wk cells had the greatest negative effect on differentiation with nutrient restriction during both differentiation and proliferation. Taken together, these data support the importance of appropriate nutrition immediately after hatch. A brief nutrient restriction when the satellite cells are predominantly proliferating may increase muscle growth potential.
For both proliferation and differentiation with the various nutritional regimens, there were some linespecific differences at different sampling times. Satellite cells isolated from the 16-wk body weight line, F, were more responsive to increases in the nutrient restriction with a greater decrease in proliferation. The RN treatment during differentiation resulted in some differences in specific response, but the overall pattern was similar between the RBC2 and F lines. Interestingly, the NR treatment did result in some specific differences between the lines with age. For example, in the 7-wk satellite cells differentiation was greater in the RBC2 line for the 5 and 20% restrictions whereas the F line satellite cells showed no significant difference. Despite these differences, growth selection was less of a factor in the response of the satellite cells than satellite cell age.
In summary, both growth selection and age affected the proliferation and differentiation of satellite cells based on nutritional regimen. Despite the presence of line-specific differences in response to nutritional regimen during proliferation and differentiation, growth selection was less of a factor than satellite cell age. One-day posthatch satellite cells isolated from the F and RBC2 line turkey p. major muscle were more sensitive to nutrition than the 7-and 16-wk-old satellite cells from both lines. These findings are supported by Halevy et al. (2000) who reported that satellite cells during the first week posthatch are more responsive to nutrition than older satellite cells. Although the current study showed that satellite cell nutrient requirements changed with age, age-specific diets to maximize satellite cell activity still need to be determined. Diets maximizing satellite cell activity especially during the first week after hatch are critical in preventing excessive intramuscular deposition of fat in the p. major muscle. Since satellite cells are a partially differentiated stem cell population, they can follow alternative paths of cellular differentiation (Asakura et al., 2001; Shefer et al., 2006) with immediate posthatch nutrition being one factor to cause the transdifferentiation of satellite cells to an adipogenic lineage in poultry (Velleman et al., 2010a (Velleman et al., , 2014a . Thus, optimizing satellite cell activity from the immediate posthatch period through processing has the potential to increase producer profits by improving breast muscle yield, reducing fat deposition through the transdifferentiation of satellite cells to an adipogenic pathway, and minimizing degenerative conditions associated with necrotic myopathies.
SUPPLEMENTARY DATA
Supplementary data are available at Poultry Science online. Figure S1 . Representative images of myotubes at 48 h of differentiation. The satellite cells were isolated from 1-d, 7-wk, and 16-wk-old pectoralis major muscle from randombred control 2 (RBC2) line turkeys and cultured with 0 or 20% nutrient restriction during proliferation and unrestricted differentiation medium for 48 h. Arrowheads indicate myotubes. Scale bar = 100 μm. Supplemental Figure S2 . Representative images of myotubes at 48 h of differentiation. The satellite cells were isolated from 1-d, 7-wk, and 16-wk-old pectoralis major muscle from randombred control 2 (RBC2) line turkeys and cultured with normal proliferation medium and 48 h of 0 or 20% nutrient restriction during differentiation. Myotubes are indicated with arrowheads. Scale bar = 100 μm.
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